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(54) Gene therapy to promote angiogenesis 

(57) The rational for the present invention is pro- 
vided by the observation that the formation of new blood 
vessels is increased when endothelial cells are pro- 
vided with for instance VGEF, bFGF or a nitric oxide 
synthetase. Moreover, a surprisingly synergistic effect 
of the combination of nitric oxide synthetase and other 
angiogenesis promoting factors was found. The present 
invention now provides means and method for enhanc- 
ing and/or inducing angiogenesis. 
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FIELD OF INVENTION 

for the treatment of cardiovascular disease. 

BACKGROUND OF THE INVENTION 

,00, Hypertension and h^o—a 

world; these^nditions can lead to atherosc.^. At e Peripheral and myocardial ischemia. A 
diseases, like chronic heart failure ang.na ^£^^ial dysfunction. Endothelial dysfunction causes 
least the eariy phases of atheroscleros.s are charac ensed ^enoo y „ js one of the first measur- 

coronary arterial construction, plays a role in both JjJJJJ^PJ^ macroscopic lesions are evident. Many 
able steps in the cascade of reactions lead.ng to endothelial dysfunction, and to stimulate the 

therapies have been investigated to assess he P-^JJJjJJ,, oral L . arginine supplementation in the d,et 
formation of new blood vessels (ang.ogenes.s). It has I een_ ugge dysfunc tion. 
may be a therapeutic strategy to improve angles* , .paten* wrth ^ ^ an(J E -selechn) 

S5T Nitric oxide (NO) has been shown to play a role in .^ process. NO, originally idenfified as endothelium- 
derived relaxing factor, is an important M* endothe|ial their pre dse 

While both NO and angiogenic factors hke bFGF f"t,^?a n Senic factors like bFGF and VEGF are increased n 
mode of action is not known. On the one hand levels ; of aW™ * of nitric ^ in vaS cular endothelial 

patients suffering from endothelial dysfunction. ^ tne coronary arteries and thus contribute to 

dysfunction often reduced -^£^2^2^^^ Action could benefit from therapies to 
, heart disease. It is postulated that P atoe ^ s uflenns |wo ^^^0*. . 

increase new collateral blood vessel formation an *°\*?fP' e 'f '" ulation of an giogenesis, in patients suffenng from 
SoV] Many experimental gene experimental therapies may have some 

* -sbeendemonstrat^^^ 

rsss^eT^ 

indicating that NO is an essenUal "jJ^^^JS levels and enzyme activity during healing of 

.0007] Likewise, the presence of bFGF NOS-inhibitor L-NAME. In transgenic mouse 

rat gastric ulcers. Here also, the ^^^^^£^1 (Murohara et al.). This could not be ,com- 

45 SUMMARY OF THE INVENTION 

of the invention we demonstrate that NO levels N0 and/or endothelial growth factors such as bu 
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* 

selected for being provided with the capacity to induce, or at least in part promote, angiogenesis. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0009] 

Figure 1. Ceil number of cultures of PER.C6 cells grown at 32, 37 or 39 degrees centigrade. 
Figure 2. Western blot of different PER.C6 clones transfected with E2Ats125. 

io 

Figure 3. Suspension growth characteristics of PER.C6ts1 25E2A C5-9 cells. . 

Figure 4. Mean capilllarytube length of tubular structures in cultured MVEC cells infected with Ad.IG.CMV.eNOS in 
the presence or absence of TNF, bFGF, L-NAME and or VGEF as indicated. 

Figure 5. Fotographs of MVEC cells grown in the presence of VGEF with or without MVEC cells infected with 
Ad.IG.CMV.NOS. 

DETAILED DESCRIPTION OF THE INVENTION 

20 

[0010] A rationale for the present invention is provided by the observation that the formation of new blood vessels 
in vitro cultures of human foreskin microvascular endothelial cells (MVEC) was increased through providing said cells 
with a sequence coding for a VGEF, a bFGF or a nitric oxide synthetase. Moreover, a surprisingly synergistic effect of 
the combination of a sequence coding for a nitric oxide synthetase with a sequence encoding other angiogenesis pro- 

25 moting factors such as VGEF, bFGF was found. This effect was unanticipated because nitric oxide is produced as a 
result of the exposure of endothelial cells to VGEF and/or bFGF. Since these factors promote the production of NO a 
lower than additional effect of extra NO was expected. One possible explanation for the observed synergistic effect is 
that the signal for stimulation and/or enhancement of angiogenesis by VGEF and/or bFGF triggers at least two signal 
transduction pathways. In at least one pathway NO is at least in part involved in continuing and/or amplifying the signal 

30 cascade, whereas in at least one other pathway, NO is not essentially involved. Both the NO comprising and the NO 
"independent" signal transduction pathway need to function optimally for optimal induction and/or enhancement of ang- 
iogenesis. In case of the presence of only NO, the NO "independent" is not optimally induced, whereas in case of the 
presence of only VGEF and/or bFGF, the NO comprising signal transduction pathway is not optimally induced. It is not 
known whether said pathway are completely separate. It may be that said pathways are separate in a certain part of the 

35 cascade and may join together in another part or parts of signal transduction cascade. . 

[001 1] In one aspect the invention provides a nucleic acid delivery vehicle for enhancing and/or inducing angiogen- 
esis comprising nucleic acid comprising at least one sequence coding for a protein capable of increasing nitric oxide 
production and further comprising a nucleic acid delivery carrier. Preferably said sequence codes for a nitric oxide syn- 
thetase. Preferably said sequences codes for ceNOS. In a preferred embodiment said nucleic acid delivery vehicle fur- 

40 ther comprises at least one sequence encoding an additional angiogenesis promoting factor. Preferably said additional 
angiogenesis promoting factor is of VGEF, bFGF or angiopoietin-1 or parts or derivatives or functional analogues 
thereof. Said additional angiogenesis promoting factors, necessary for obtaining a synergistic effect may be supplied by 
sequences provided by said nucleic acid delivery vehicle or be provided in other ways. They may also be provided by 
cells transduced or surrounding transduced cells. In a preferred embodiment of the invention the expression of at least 

45 one of said sequences is regulated by a signal. Preferably said signal is provided by the oxygen tension in a cell. Pref- 
erably said oxygen tension signal is translated into a different expression by a hypoxia inducible factor 1a promoter. 
In another aspect of the invention said nucleic acid delivery vehicle further comprising a sequence encoding a herpes 
simplex virus thymidine kinase. Thus providing an additional method of regulating the level of enhanced and/or induced 
angiogenesis. Said level may be at least in part be reduced through the addition of gancyclovir, killing not only at least 

so in part the dividing cells in the newly forming vessel parts, but also killing at least in part transduced cells thereby limiting 
the supply of nitric oxide and/or additionally angiogenesis promoting factors. 

Said nucleic acid delivery carrier may be any nucleic acid delivery carrier. In a preferred embodiment of the invention 
said nucleic acid delivery carrier comprises an adenovirus vector or an adeno-associated virus vector preferably includ- 
ing at least essential parts of adenovirus vector DNA or adeno-associated virus vector DNA. Preferably a nucleic acid 
55 delivery vehicle has been provided with a least a partial tissue tropism for muscle cells. Preferably a nucleic acid deliv- 
ery vehicle has been at least in part deprived of a tissue tropism for liver cells. Preferably said tissue tropism is provided 
or deprived at least in part through a tissue tropism determining part of fiber protein of a subgroup B adenovirus. A pre- 
ferred subgroup B adenovirus is adenovirus 16. 
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celB of an indlaidrral «* a nud* aad del m «**• ■»»*■ ^* l d . p^aion. PWotH, said rn.Oard ,s . 
eonditars .tori* »P™*" <* • P">»'» ^'"ScSL M. al M "» a«MW»l rrngiogenesrs 

SSSr - -"1"^- ~* - ina.aso In « W n ferrsidb « _* - 

lad STbWd. T^e advantage being Oral in » ^—^SS'i matt* a*. When M* 
Preferably aald eelte nol In direol oontaot rrth t» Mood are mj* o-MJ- ^ rtl0 „ is a eolheta,. preferably en 

induced or both. reduction of an adenovirus vector or an adeno-assoaated virus 

In another aspect the invention prov.des a cell for the product '° n °* * n f sajd virus vect or in the absence of 

IS of the Mention wherein said ce. I ™ l^a emUment said cel. expresses at least 

replication competent adenovirus and adeno-ass «M ^ n a P d jn the cnr0 mosomal DNA of sa.d eel 

, one means for the production of said "™ ^J^^S nucleic acid not integrated in the chromosomal 
and expresses other means for the product.cn of sa.d virus vector from nuc|ejc acidi do not compnse 

DNA of said cell and wherein said integrated ^^i^.p^i^^ 
sequence overlap ieading to the format-on of r f^^T^Z another particularly preferred embodiment 
sa?d integrated nucleic acid comprises ^^^^L^b E2A protein, preferably an E2A-pro- 
, said integrated nucleic acid «^^g££SE« said integrated nucleic acid comprises an aden- 
tein derived from adenovirus ts125. In another prererreo ei 

ovirus E4-region. preferably E4-orf6. , FC ACC deposit number 96022940). 

Preferably said cell is derived from a PER.C6 cell ECACC de P° s,t administration of NO or VEGF in 

10012] U is an object of the present invention to prov de ££££ ^ ^ endothelia , dysfunction. Fur- 

a NO synthase sequence, alone or in combination with »*™™£^J^ a re known, nNOS, ceNOS and 

35 b^^^ by — * — iN0S is 

Liting in capillary blood vessel formation the invention « M " *S 

40 sequence, resulting in a strong response " VEGF or bFGF, resulting in a strong synergistic 

merit with combinations of sequences encoding NO synthase 

response in angiogenesis. _ , t , nat conla jn a nitric oxide synthase (NOS) 

F00141 It is also an object of the present invention to provide virai vecw ^ jn gene ther . 

sequence, or a sequence encoding bFGF or g^jQ^^^^ncOon. In an embodiment of the 

m apy strategies aimed at improving ^^^^^Z^^ ere convenient viruses for con- 
tention, adenoviral vectors are employed to ^^J*^^ DNA in most mammalian cell types. Based 
struction of vectors for gene therapy, because of « h ^J^£^ types 2 and 5. recombinant adenoviral yec- 
on the detailed knowledge of their DNA ^^^SSS^ la * E1 * ***** "SS 

tors have been developed (Bout rev.ew, 1997);™ ^^"iuences In the present invention, vectors are provided 
50 tion; the recombinant virus may also replaced with either a nitric oxide synthase 

that lack both E1 and E2A sequences, ^^^^Lim 0 f these transgenes. 

TaSivity though not necessarily the same amount of acUvrty. 
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EXAMPLES 

Example 1: THE GENERATION OF A RECOMBINANT ADENOVIRAL VECTOR EXPRESSING A ceNOSA/EGF121 
GENE 

5 

[0017] To construct an adapter plasmld that allows the generation of a recombinant adenoviral vector expressing 
both the NO synthase cDNA and the cDNA for an angiogenic growth factor we have used the internal ribosome entry 
site (IRES) of the encephalomyocarditis virus (EMCV, Jang et al., 1988; J. Virol. 62, 2636-2643). In this example we 
have used the cDNA coding for the isoform VEGF 12 i (Tischer et al., 1991; J. Biol. Chem. 266, 11947-11954) as the 

10 angiogenic factor in the ceNOS gene. A 386 bp PCR fragment spanning the coding region for VEGF 12 i was generated 
using total cDNA from human umbilical vein endothelial cells (total RNA isolation using Trizol procedure, first strand 
cDNA synthesis using the supercript II kit: Gibco BRL) as a template, and the following primers: VEGF-f: 5-GCC TCA 
TGA ACT TTC TGC TGT C-3' and VEGF121-r: 5'-AAA GTC GAC TCT AGA TCA GCT CAT CTC TCC TAT CTG C-3\ 
Pwo DNA polymerase was used according to the manufacturers protocol with the following temperature cycles: once 5' 

15 at 95°C; 3' at 55°C; V at 72°C; and 30 cycles of 1' at 95°C, 1' at 55°C, V at 72°C, followed by once 10' at 72°C. The 
PCR product was then digested with Real and Sail and purified on an LMP agarose gel (SeaPlaque GTG). pBr/PTkEM- 
CVNeo/2 (WO 96/35798) was digested with Sail and partially digested with Ncol to yield a vector fragment of 6866 bp 
that was purified on LMP agarose gel and subsequently ligated with the Real and Sail digested VEGF121 PCR frag- 
ment to generate pBr/PTkEMCVA/EGF1 21 . This plasmid was digested with Xbal and a 956 bp Xbal fragment harbour- 

20 ing the VEGF121 DNA downstream of the EMCV IRES was purified and cloned into Xbal site of the pAd/CLIP.ceNOS 
adapter plasmid. The resulting adapter plasmid pAd/CLIP.ceNOSA/EGF121 has the ceNOS cDNA immediately down- 
stream of the CMV promoter, followed by the IRES, followed by the VEGF121 cDNA Recombinant adenoviral vectors 
derived from the pAd/CLIRceNOS/VEGF121 introduce a bicistronic mRNA in the infected cells that is transcribed from 
the CMV promoter and facilitates the translation of both No synthase and VEGF 12 i- 

25 

EXAMPLE 2: GENERATION OF PRODUCER CELL LINES FOR THE PRODUCTION OF RECOMBINANT ADENOVI- 
RAL VECTORS DELETED IN EARLY REGION 1 AND EARLY REGION 2A 

[0018] This example describes the generation of cell lines for the production of recombinant adenoviral vectors that 
30 are deleted in early region 1 (E1) and early region 2A (E2A). The producer cell lines complement for the E1 and E2A 
deletion from recombinant adenoviral vectors in trans by constitutive expression of the E1 and E2A genes, respectively. 
The pre-established Ad5-E1 transformed human embryo retinoblast cell line PER.C6 (WO 97/00326) and Ad5 trans- 
formed human embryo kidney cell line 293 (Graham, 1977) were further equipped with E2A expression cassettes. 
The adenoviral E2A gene encodes a 72 kDa DNA Binding Protein (DBP) which has a high affinity for single stranded 
35 DNA. Because of this feature, constitutive expression of DBP is toxic for cells. The ts125E2A mutant encodes a DBP 
which has a Pro->Ser substitution of amino acid 413 (van der Vliet, 1975). Due to this mutation, the ts125E2A encoded 
DBP is fully active at the permissive temperature of 32°C, but does not bind to ssDNA at the non-permissive tempera- 
ture of 39°C. This allows the generation of cell lines that constitutively express E2A which is not functional and is not 
toxic at the non-permissive temperature of 39°C, but becomes functional after a temperature switch to the permissive 
40 temperature of 32°C. 

Example 2A. Generation of plasmids expressing wildtype E2A-or temperature sensitive ts125E2A. 

[0019] pcDNA3wtE2A : The complete wildtype early region 2A (E2A) coding region was amplified from the plasmid 
45 pBR/Ad.Bam-rlTR (ECACC deposit P97082122) with the primers DBPpcM and DBPpcr2 using the Expand™ Long 
Template PCR system according to the standard protocol of the supplier (Boehringer Mannheim). PCR was performed 
on a Biometra Trio Thermoblock, amplification program: 94°C for 2 minutes, 1 cycle; 94°C for 10 seconds + 51°C for 30 
seconds + 68°C for 2 minutes, 1 cycle; 94°C for 10 seconds + 58°C for 30 seconds + 68°C for 2 minutes, 10 cycles; 
94°C for 10 seconds + 58°C for 30 seconds + 68°C for 2 minutes with 10 seconds extension per cycle, 20 cycles; 68°C 
50 for 5 minutes, 1 cycle. The primer DBPpcrl : CG G GAT CC G CCA CCA TGG CCA GTC GGG AAG AGG AG (5* to 3') 
contains a unique BamHI restriction site (underlined) 5' of the Kozak sequence (italic) and start codon of the E2A coding 
sequence. The primer DBPpcr2: CG G PAT TCT TAA AAA TCA AAG GGG TTC TGC CGC (5' to 3') contains a unique 
EcoRl restriction site (underlined) 3' of the stop codon of the E2A coding sequence. The bold characters refer to 
sequences derived from the E2A coding region. The PCR fragment was digested with BamHI/EcoRI and cloned into 
55 BamHI/EcoRI digested pcDNA3 (Invitrogen), giving rise to pcDNA3wtE2A 

[0020] pcDNA3tsE2A: The complete ts125E2A coding region was amplified from DNA isolated from the tempera- 
ture sensitive adenovirus mutant H5ts125 (Ensinger and Ginsberg, 1972; van der Vliet, 1975). The PCR amplification 
procedure was identical to that for the amplification of wtE2A The PCR fragment was digested with BamHI/EcoRI and 



5 



10 



15 



20 



EP 1 016 726 A1 

« . BamHI/EcoRI «~ PcD»« - » * °' " "** 

sequence of wtE2A and tsE2A was confirmed by sequenang. 

b^, m — — - — - - * °* —- 

cultured at 32-, 37- and 39°C. 

I0021l PE ,CB ce,,s were cultured in D-b-J Mooted ^^£^JffiS^ 
0% Foetal Bovine Serum (FBS. Gibco BRL) and ™™^^3^^ and the celis were cuitured 
At day 0, a total of 1 x 1 0 6 PER.C6 cells were seeded pe 25c m rJW cuttu i ^ ^ ^ ^ den _ 

at eitner 32°C, 37°C or 39-C. At day 1-8. g S rate and M density of the PER.C6 culture 

sity of the PER.C6 culture at 39°C is OTm ^ r ^ !^ *° '^oIoq J r 39^ Nonsignificant cell death was observed at any of the 
a, 32°C were slightly reduced -JJJJ*^^^ at 32°C and 39°C, the permissive and non-perm,ss.ve 
incubation temperatures. Thus PER.U> perrormb vc. y 
temperature for ts125E2A, respectively. 

cell lines . . 

. o y 10 6 PERC6 cells were seeded per 6 cm tissue culture dish (Greiner) in 
f00221 One day prior to transfection, 2x10 PER-Cb ceus wer v atmosphere. The next 

DMEM. supplemented with 10% FBS and 10mM MgC 2 or pcDNA3tsE2A plasmid DMA per 

Say, the ceSs were transfec.ed with 3-, 5- or ^fj^^^S^Sv^ of the supplier (Gibco BRL). 
dish, using the LipofectAMINE WJjJJ* *^£££. After P t he transfection. the cells were con- 
except that the cells were transfected at 39 C in a o /. ' *> ^ were put on DMEM, sup- 
stantty kept at 39X. the non-permissive temperature ^ 2 ^.^mi) and the first G418 resistant colonies 
p,ementea with 10% FBS. 10mM MA andO. 25mg/m G418 (Gib » ^ <SB ^ ta fc« nu^ 
appeared at 10 days post transfection. As shown wr ^ b, ^ s ^ NA3 tsE2A ("100 colonies) and pcDNA3wtE2A 
of colonies obtained after transfection of pcDNA3 ^^^Ly expressed E2A can be overcome by using a 
(only 4 colonies). These results indicate that the toxicity of cons . utive* exp e t erature of 3 9°C. 
emperature sensitive mutant of E2A (ts125E2A) by cSping the cells from the dish with a pipette. 
[0023] From each transfection. a number of colon es was P**""^ ,| reiner) and cultured further at 39°C in 
The detached cells were subsequently put 0.25mg/m. G418. As shown in table 
a 10% C0 2 atmosphere in DMEM. supplemented with 10 /o F BS, OmN g ^ ^ {3?/45) 

1, 100% of the pcDNA3 transfected colonies J^jJ^J^S colonies grew slowly and were discarded), 
established to stable cell lines (the remaining 8 pcDNA3 ^"JJ^ The other3 died directly after picking. 

, in contrast, only 1 pcDNA3wtE2A tra " sf f ed ,^^^^^^ by Western blotting. The cell lines 

I0024J Next, the E2A expression levels in the were washed twice with PBS (NPBI) and lysed 

were seeded on 6 well tissue culture dishes a ^ 8utH ^ n 'STS?DS in PBS. supplemented with 1mM phenyl- 
Z scraped in RIPA (1% NP-40. 0.5% on ice P the lysates were cleared by 

m ethylsulfonylfluoride and 0.1 mg/ml ^ n ^^^ 1 |SSad protein assay, according to standard procedures 

o centrHugation. Protein concentrations were determined by *e B»i ^ 0 P SDS . PA GE on 10% gels. Proteins 

supplier (BioRad). Equal amounts of whole-ce ■ ^ "with the aDBP monoclonal antibody B6 
were transferred onto Immobilon-P membranes <™^>«l^ 

£*h. 1983). The secondary antibody was a to the protocol provided by Mil.i- 

The Western blotting procedure and antibod V'^^^SSn system according to the manufacturer's protocol 
. pore. The antibody complexes ^e visuahsed w* ^^^^3^ transfection express the 72-kDa 
(Amersham). Figure 2 shows that all of he cell lines dewed ftorrMn P ^ ft8 on)y M ||ne 

E2A protein (upper panel, lanes 4-14; middle pane.. JanesJ-U tow« £ . ^ ^ ^ 

derived from the pcDNAwtE2A ^^^"^^TT) which serves as a negative control. Extract from 
extract from a cell line derived ^^"^^^JZ^Z as a positive control for the Western blot pro- 

293 ells with either pcDNA3. pcDNA3wtE2A or I^W^J'JJ^ 293 cells were seeded in. sup- 
& a semi-permissive temperature for ts1 25E2A encoded DBR A d ^ P r f r t ° 6 m tissue culture dish (Greiner). Five 
pl emen P edwith10%FBSand10mMMgCI 2 ■*f d ^^ 1 °J^E^ with 7.2ug of either pcDNA3. 
b^"^ ^r-ST-cSS- -sphate — System according to the 
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standard protocol of the supplier (Gibco BRL). Two days post transfection, cells were put on selection medium, i.e. 
DMEM supplemented with 10% FBS, 10mM MgCI 2 and 0.1 mg/ml G418. The first colonies appeared at day 12 post 
transfection. The total number of colonies obtained after transfection of pcDNA3 ("1 00 colonies) or pcDNA3tsE2A (~25 
colonies) was significantly higher than that obtained after transfection of pcDNA3wtE2A (only 2 colonies). These results 
5 again show that constitutively expressed E2A is toxic for cells and that this toxicity can be circumvented by using 
ts125E2A. Moreover, it shows that this is not specific for PER.C6 cells, but that it applies to eukaryotic cells in general 
(e.g. 293 cells). 

Example 2D. Complementation of the E2A deletion in Ad5.dl802 by PER.C6 cells constitutively expressing 
10 ts125E2A. 

[0026] The adenovirus Ad5.dl802 is an Ad 5 derived vector deleted for the major part of the E2A coding region and 
does not produce functional DBP (Rice, 1985). Ad5.dl802 was used to test the E2A trans-complementing activity of 
PER.C6 cells constitutively expressing ts125E2A. Parental PER.C6 cells or PER.C6tsE2A clone 3-9 were cultured in 

16 DMEM, supplemented with 1 0% FBS and 1 0mM MgCI 2 at 39°C and 1 0% C0 2 in 25 cm 2 flasks and either mock infected 
or infected with Ad5.dl802 at an m.o.i. of 5. Subsequently the infected cells were cultured at 32°C and cells were 
screened for the appearance of a cytopathic effect (CPE) as determined by changes in cell morphology and detach- 
ment of the cells from the flask. Table 2 shows that full CPE appeared in the Ad5.dl802 infected PER.C6tsE2A clone 3- 
9 within 2 days. No CPE appeared in the Ad5.dl802 infected PER.C6 cells or the mock infected cells. These data show 

20 that PER.C6 cells constitutively expressing ts125E2A complement in trans for the E2A deletion in the Ad5.dl802 vector 
at the permissive temperature of 32°C. 

EXAMPLE 3: SERUM FREE SUSPENSION CULTURE OF PER.C6TSE2A CELL LINES. 

25 [0027] Large scale production of recombinant adenoviral vectors for human gene therapy requires an easy and 
upscalable culturing method for the producer cell line, preferably a suspension culture, in medium devoid of any human 
or animal constituents. To that end, the cell line PER.C6tsE2A c5-9 (designated c5-9) was cultured at 39°C and 10% 
C0 2 in a 175 cm 2 tissue culture flask (Nunc) in DMEM, supplemented with 10% FBS and 10mM MgCI 2 . At sub-conflu- 
ency (70-80% confluent), the cells were washed with PBS (NPBI) and the medium was replaced by 25 ml serum free 

30 suspension medium Ex-cell™ 525 (JRH). supplemented with 1 x L-Glutamin (Gibco BRL), hereafter designated SFM. 
Two days later, cells were detached from the flask by flicking and the cells were centrifuged at 1000rpm for 5 minutes. 
The cell pellet was resuspended in 5 ml SFM and 0.5ml cell suspension was transferred to a 80 cm 2 tissue culture flask 
(Nunc), together with 12 ml fresh SFM. After 2 days, cells were harvested (all cells are in suspension) and counted in 
a Burker cell counter. Next, the cells were seeded in a 125ml tissue culture erlenmeyer (Corning) at a seeding density 

35 of 3 x 1 0 5 cells per ml in a total volume of 20 ml SFM. Cells were further cultured at 1 25 RPM on an orbital shaker (GFL) 
at 39°C in a 10% C0 2 atmosphere. Cells were counted at day 1-6 in a Burker cell counter. In Figure 3, the mean growth 
curve from 8 cultures is shown. PER.C6tsE2A c5-9 performs well in serum free suspension culture. The maximum cell 
density of approximately 2 x 1 0 6 cells per ml is reached within 5 days of culture. 

40 EXAMPLE 4:PLASMID BASED SYSTEM FOR THE GENERATION OF RECOMBINANT ADENOVIRAL VECTORS 
DELETED IN EARLY REGION 1 AND EARLY REGION 2A 

Example 4A. Generation of pBr/Ad.Bam-rlTR (ECACC deposit P97082122) 

45 [0028] In order to facilitate blunt end cloning of the ITR sequences, wild-type human adenovirus type 5 (Ad5) DNA 
was treated with Klenow enzyme in the presence of excess dNTPs. After inactivation of the Klenow enzyme and purifi- 
cation by phenol/chloroform extraction followed by ethanol precipitation, the DNA was digested with BamHI. This DNA 
preparation was used without further purification in a ligation reaction with pBr322 derived vector DNA prepared as fol- 
lows: pBr322 DNA was digested with EcoRV and BamHI, dephosphorylated by treatment with TSAP enzyme (Life 

50 Technologies) and purified on LMP agarose gel (SeaPlaque GTG). After transformation into competent E. coli 
DH5a(Life Techn.) and analysis of ampiciline resistant colonies, one clone was selected that showed a digestion pattern 
as expected for an insert extending from the BamHI site in Ad5 to the right ITR. 

Sequence analysis of the cloning border at the right ITR revealed that the most 3' G residue of the ITR was missing, the 
remainder of the ITR was found to be correct. Said missing G residue is complemented by the other ITR during repli- 
55 cation. 
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Example 4B. Generation of pBr/Ad.Sal-rlTR (ECACC deposit P97082119) 
l0029] pBr/Ad.Bam-rlTRwasd^ 

was isolated in LMP agarose (SeaPlaque GTG and gated to a « ^ ^ A(J5 sequences was 

and purified with the Genedean II k.t (B ,o 101 ""^ ^ d ^J * Ms aden0 5 sequences from the Sail site 
determined by restriction enzyme anaiys.s. Clone rJ'^dSal ri K 
at bp 16746 up to and including the rlTR (missing the most 3 G residue). 

Example 4C. Generation of pBr/Ad.Af...-Bam (ECACC deposit P97082114) 

,030, Hrst pBr,Ad.C,a-Bam (ECACC deposit P9706,117) JJ-^tf^K 
L Clal and BamHI, and the 20.6 kb ^X^nSe^SS^ere ligatedand transformed into compe- 
same enzymes and purified from agarose gel by Gen ^"Jf°™ ic , jon enzyme digestion and shown to contain an 
en« DH5a The resulting done P Br/A d.C.a-Bam was ; an f^^Zlss linearised with EcoR. (in pBr322) 
insert with adenovirus sequences from bp 919 to 21 566 Max tpE Wjw en(js were fi| , ed jn wlth Kle _ 

and partially digested with Mil. After heat o ig° linker contoining a Pad site (5-AATTGTCL 

now enzyme. The DNA was then ligated to a blunt Rouble J-^ST following two oligonucleotides: 5'- 
TAATTAACCGCTTAA-3-). This ^^^^^^^ by blunting with Klenow enzyme. After 
^FFgTcTTAATTAACCGC-3' and 5 ^^^^J e ^ wim an excess Pad enzyme to remove 
precipitation of the ligated DNA to change buffer, the kaatanswers a ^g 3534 up t0 2 1566 and the 

concatameres of the oligo. The 2201 6 bp P^gJJ^g Ungated and transformed into competent DHSa 
vector sequences, was isolated in ^^^^SZ^ the large adeno fragment was selected and 
SSSS Pad -inker in the (lost) Aft,, sit, 

! Exampfe 4D. Generation of pBr,Ad.Bam-r,TRpac*2 (ECACC deposit P97082120) and pBr,Ad.Ban>r,TR*8 
(ECACC deposit P97082121) 

[00311 To allow insertion of a Pad site near the ITR of £ , in done JJJJB^ ^^^Z 
, emoved between the Clal site in the P Br322 ««^^JJ»^ 1 ^SS lengths of time (Z. 5\ 10' and Iff). 
pBr/Ad.Bam-rlTR was digested with ^^^^nSSn^ DNA also digested at the Clal site). 
The extend of nucleotide removal was followed by incubation at 75 °C for 10'. the DNA was pre- 

u fngkntica. buffers and conditions. Ba.31 ^^^S^StSS. were further treated with T4 DNA 
cipitated and resuspended in a smaller volume TE buffer. T °6™" ' 22 DNA with sail, satisfactory deg- 
, 5 polymerase in the presence of excess dNTPs. f 'f ^J.^J TheTo' fS treated pBr/Ad.Bam-r.TR samples 
radation ("150 bp) was observed in the samp ^sstsdfcrl 0 or ^ y fons were purifl ed by precip- 

were then ligated to the above described ""^.^^^^^mp agarose gel. After relation, DNAs were 
Station, digested with excess Pad and separated from the Jtajm^ 9 shQwed a delefon o{ approx . 

transformed into competent DH5a and colonies analysed Ten clones wer^ se ^ phamiacia g 10 _ 

« imately the desired length and these ^XCSsTdcSS theriTR. After digestion with Pad. clone 
tech). Two clones were found with the Pad tinker inserted just aow 
#2 has 28 bp and clone #8 has 27 bp attached to the ITR. 

Examp.e 4E. Generation of pWE/Ad-Afli.-rlTR (ECACC deposit P97082116) 

* [0 032) CosmidvedorpWE15(C,ontech S 

Pad site was inserted in the EcoRI sites of pWE15 ^ ends The following fragments were then 

described for P Br/Ad.Afl.l-BamH. was used ^T^^P^m-B^ digested with Pad and BamHI 
isolated by electroelution from agarose gel. pWE pacd V™*™ ' ^ , igated together and packaged using X 

55 Example 4F. Generation of pWE/Ad.Aflll-EcoRI 

then digested with Pad and isolated from agarose gel. pWE/Aflll rn K was g 
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Klenow enzyme digested with Pad. The large 24 kb fragment containing the adenoviral sequences was isolated from 
agarose gel and ligated to the Clal-digested and blunted pWE.pac vector using the Ligation Express tm kit from Clon- 
tech. After transformation of Ultra competent XL10-Gold cells from Stratagene, clones were identified that contained the 
expected insert. pWE/Aflll-EcoRI contains Ad5 sequences from bp 3534-27336. 

5 

Example 4G. Generation of pWE/Ad.Aflll-rlTRAE2A: 

[0034] Deletion of the E2A coding sequences from pWE/Ad.Aflll-rlTR (ECACC deposit P97082116) has been 
accomplished as follows. The adenoviral sequences flanking the E2A coding region at the left and the right site were 
10 amplified from the plasmid pBR/Ad.Sal.rlTR (ECACC deposit P970821 1 9) in a PCR reaction with the Expand PCR sys- 
tem (Boehringer) according to the manufacturers protocol. The following primers were used: 

Right flanking sequences ( corresponding Ad5 nucleotides 24033 to 25180): 

15 [0035] 

AE2A.SnaBI: 5'-GGC GTA CGT AGC CCT GTC GAA AG-3' 
AE2A.DBP-start: 5'-CCA ATG CAT TCG AAG TAC TTC CTT CTC CTA TAG GC-3' 

20 [0036] The amplified DNA fragment was digested with SnaBI and Nsil (Nsil site is generated in the primer 
AE2A.DBP-start, underlined). 

Left flanking sequences (corresponding Ad5 nucleotides 21557 to 22442): 
25 [0037] 

AE2A.DBP-stop: 5'-CCA ATG CAT ACG GCG CAG ACG G-3' 
AE2A.BamHI: 5'-GAG GTG GAT CCC ATG GAC GAG-3' 

30 [0038] The amplified DNA was digested with BamHI and Nsil (Nsil site is generated in the primer AE2A.DBP-stop, 
underlined). 

[0039] Subsequently, the digested DNA fragments were ligated into SnaBI/BamHI digested pBr/Ad.Sal-rlTR. 
Sequencing confirmed the exact replacement of the DBP coding region with a unique Nsil site in plasmid pBr/Ad.Sal- 
rlTRAE2A. The unique Nsil site can be used to introduce an expression cassette for a gene to be transduced by the 
35 recombinant vector. 

Next, the plasmid pWE/Ad.Aflll-rlTRAE2A was generated. The plasmid pBr/Ad.Sal-rlTRAE2A was digested with BamHI 
and Spel. The 3.9 Kb fragment in which the E2A coding region was replaced by the unique Nsil site was isolated. The 
pWE/Ad.Aflll-rlTR was digested with BamHI and Spel. The 35 Kb DNA fragment, from which the BamHI/Spel fragment 
containing the E2A coding sequence was removed, was isolated. The fragments were ligated and packaged using \ 
40 phage packaging extracts according to the manufacturers protocol (Stratagene), yielding the plasmid pWE/Ad:Aflll- 
NTRAE2AA 

Example 4H. Generation of the adapter plasmids 

45 [0040] Adapter plasmid pMLPTK (patent application EP 95202213) was modified as follows: SV40 polyA 
sequences were amplified with primer SV40-1 (introduces a BamHI site) and SV40-2 (introduces a Bglll site). In addi- 
tion, Ad5 sequences present in this construct (from nt. 2496 to nt. 2779; Ad5 sequences nt. 351 1 to 3794) were ampli- 
fied with primers Ad5-1 (introduces a Bglll site) and Ad5-2. 

50 SV40-1: S'-GGGGGArcCGAACTTGTTTATTGCAGC-S' 
SV40-2: 5-GG G AQAEC3AG AC ATG ATAAG ATAC-3* 
Ad5-1: 5*-GGG£££E£IGTACTGAAATGTGTGGGC-3' 
Ad5-2: 5-GGAGGCTGCAGTCTCCAACGGCGT-3' 

55 [0041] Both PCR fragments were digested with Bglll and ligated. The ligation product was amplified with primers 
SV40-1 and Ad5-2 and digested with BamHI and Aflll. The digested fragment was then ligated into pMLPTK predi- 
gested with the same enzymes. The resulting construct, named pMLPl.TK, contains a deletion in adenovirus E1 
sequences from nt. 459 to nt. 3510. This plasmid was used as the starting material to make a new vector in which 
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10 



15 



20 



nucleic acid molecu.es comprising specific promoter and gene ^S^SSSSSSS the following prim- 
ment was generated from P^^^^'^^^^^^^^CM AAC TG-3' and LTR-2: 5'-GCG 
ers: LTR-1 : 5'-CTG TAG GTA CCA ^S^S^^Q^M^^ ACT CAG TCA ATC G-3'. Pwo 
GAT CCT TCG AAC CAT GGT AAG CTT GGT ACC GCT AGC ^^W, tempera ture 
DNA polymerase (Boehringer Mannheim) was used according to imM rers proio _ ^ 
cycles: once ff at 95°C; 3' at 55°C; and V at 72»C. £*J^^^^^ e al 1991; Gene 101. 
10' at 72 "C. The PCR product was then digested with BamHI and (.gate nta PMLPiojL ^ 
9=! 02) digested with Pvull and BamH., thereby generating ^J^^^mSm^HyMMm 
fences tan bp 1 up to bp 454 followed by a promoter part o LT ^ ^ 

enhancer sequences replaced by the enhancer from J^^^E^^ the most 9 bases in the 
designated L420. Sequencing confirmed correct amph tortw o * • LTR fjgmen ^ HSA gene 

PGR fragment were missing so that the , Pvc ill site was not ^^mZ^ with Ncol. The HSA gene 
was inserted. pLTRIO was digested ^^S^T^mT^ W 1^-1959) using the following 
was obtained by PCR amplification on pUC18-HSA (Kay et _aL. iw AAG CTT GTC 

primers: HSA1 . 5'-GCG CCA CCA TGG GCA GAG CGA TGG TGG " subcloned in a shu ttle 

GAC ATC GAT CTA CTA ACA GTA GAG ATG TAG AA-3 . ^™J»™*™ 3ct coding sequence of the HSA 
vector using the Nco« and Bglll sites Sequencing °^ ng region Stm HSA gene, includ- 

signal, L420 promoter and HSA gene was inserted into vector ^^^ptamld P Ad5/L420-HSA that contains 
replacing the promoter and gene sequences This resulted in ^e new sequences. SnaBI and Avrll 

convenient recognition sites for various restr.ct.on enzymes aro ^l^^l Me tne lat ,er sites can be com- 
s can be combined *W^WIt«JJ ^^T^ con-met 

bined with the Clal or BamHI s.tes 3 from HSA coding region rep » molecules was made by 

l0 042] Another adapter p.asmid that was ^ J^^^^^™. mulfiple cloning arte, 
repladng the promoter, gene and poly A ^^^.^^^^ Avrlf and Bglll followed by treatment 
an intron and a poly-A signal. For this purpose. pAd/L420-HSA was ag^estea ^ jso|ated ^ 

• with Klenow to obtain blunt ends. The 5.1 ^^^^^^X^ wl Hha. and Avrl. followed 
ligated to a blunt 1570 bp fragment from pcDNAI/amp (Inwtrogen) obtainea J8 g| rf ^ 

b 9 y treatment with T4 DNA polymerase. This adapter plasm. named ^S'^L linear fragment was iso- 

sequences from the adenoviral ^TCGaS Z a linker with a Sal. site and EcoR. 

lated. An oligo of the sequence 5 TTAAGTCGAC-3 msannea eo ^ had ^ ||nker 

EXAMPLE 5: GENERATION OF RECOMBINANT ADENOVIRUSES 
40 Example 5A. E1 -deleted recombinant adenoviruses with wtE3 sequences 

[0 043] To generate E1 deleted recombinant adenoviruses with the plasmid-based system, the following constructs 
are prepared: 



55 



complementing construct. is m »inn pxamDle of the present invention has been 

[0044] A genera, protoco. as outlined below and meant as a non£n N«^P Ad.Aflll-rlTR frag- 

performed to produce several rTS SBSS next day when they were at ~80% 

ment. Adenovirus packaging cells (PER.C6) were seeaeo in /=> described by the manufecturer. 

confluency. transfected with a mixture of DNA and ^^T^S^Z^J 9^ fragment 
Routinely, 40 ul lipofectamine. 4 pgr adapter plasm.d and 4 pgr of the complemenn g 
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Aflll- rITR (or 2 pgr of all three plasmids for the double homologous recombination) are used. Under these conditions 
transient transfection efficiencies of ~50% (48 hrs post transfection) are obtained as determined with control transfec- 
tions using a pAd/CMV-LacZ adapter. Two days later, cells are passaged to ~80 cm 2 flasks and further cultured. Approx- 
imately five (for the single homologous recombination) to eleven days (for the double homologous recombination) later 

5 a cytopathic effect (CPE) is seen, indicating that functional adenovirus . has formed. Cells and medium are harvested 
upon full CPE and recombinant virus is released by freeze-thawing. An extra amplification step in a 80 cm 2 flask is rou- 
tinely performed to increase the yield since at the initial stage the titers are found to be variable despite the occurrence 
of full CPE. After amplification, viruses are harvested and plaque purified on PER.C6 cells. Individual plaques are 
tested for viruses with active transgenes. 

10 [0045] Until now, four different recombinant adenoviruses, comprising the human interleukin-3 gene, the human 
endothelial nitric oxide gene, the Tc1A transposase gene, or the bacterial LacZ gene, have been produced using this 
protocol. In all cases, functional adenovirus was formed and all isolated plaques contained viruses with an active trans- 
gene. 

15 Example 5B: E1 -deleted recombinant adenoviruses with modifications in the E2A, E3 and/or E4 regions 

[0046] Besides replacements in the E1 region, it is possible to delete or replace the E2A region in the adenovirus. 
This creates the opportunity to use a larger insert or to insert more than one gene without exceeding the maximum 
packagable size (approximately 1 05% of wt genome length). 
20 Recombinant viruses that are both E1 and E2A deleted are generated by a homologous recombination procedure as 
described above for E1 -replacement vectors using a plasmid-based system consisting of: 

an adapter plasmid for E1 replacement according to the invention, with or without insertion of a first gene of inter- 
est. 

25 the pWE/Ad.Aflll-rlTRAE2A fragment, with or without insertion of a second gene of interest. 

Generation and propagation of such a virus, requires a complementing cell line for complementation of both E1 and 
E2A proteins in trans, as described above. 

In addition to replacements in the E1 and E2A region, it is also possible to delete or replace (part of) the E3 region in 
30 the E1- deleted adenoviral vector, because E3 functions are not necessary for the replication, packaging and infection 
of the (recombinant) virus. This creates the opportunity to use larger inserts or to insert more than one gene without 
exceeding the maximum packagable size (approximately 105% of wt genome length). This can be done, e.g., by delet- 
ing part of the E3 region in the pBr/Ad.Bam-rlTR clone by digestion with Xbal and religatibn. This removes Ad5 wt 
sequences 28592-30470 including all known E3 coding regions. Another example is the precise replacement of the 
35 coding region of gp1 9K in the E3 region with a polylinker allowing insertion of new sequences. This, 1 ) leaves all other 
coding regions intact and 2) obviates the need for a heterologous promoter since the transgene is driven by the E3 pro- 
moter and pA sequences, leaving more space for coding sequences. 

To this end, the 2.7 kb EcoRI fragment from wt Ad5 containing the 5' part of the E3 region was doned into the EcoRI 
site of pBluescript (KS") (Stratagene). Next, the Hindlll site in the polylinker was removed by digestion with EcoRV and 

40 Hindi and subsequent religation. The resulting done pBS.Eco-Eco/ad5AHIII was used to delete the gp19K coding 
region. Primers 1 (5'-GGG TAT TAG GCC AA AGG CGC A-3') and 2 (5'-GAT CCC ATG GAA GCT TGG GTG GCG ACC 
CCA GCG-3*) were used to amplify a sequence from pBS.Eco-Eco/ad5AHIII corresponding to sequences 28511 to 
28734 in wt Ad5 DNA. Primers 3 (5'-GAT CCC ATG GGG ATC CTT TAC TAA GTT ACA AAG CTA-3') and 4 (5-GTC 
GCT GTA GTT GGA CTG G-3') were used on the same DNA to amplify Ad5 sequences from 29217 to 29476. The two 

45 resulting PCR fragments were ligated together by virtue of the new introduced Ncol site and subsequently digested with 
Xbal and Muni. This fragment was then ligated into the pBS.Eco-Eco/ad5 AHIII vedor that was digested with Xbal (par- 
tially) and Muni generating pBS.Eco-Eco/ad5AHIII.Agp19K. To allow insertion of foreign genes into the Hindlll and 
BamHI site, an Xbal deletion was made in pBS.Eco~Eco/ad5AHIII.Agp19K to remove the BamHI site in the Bluescript 
polylinker. The resulting plasmid pBS.Eco-Eco/ad5AHMIAgp19KAXbal, contains unique Hindlll and BamHI sites corre- 

50 sponding to sequences 28733 (Hindlll) and 29218 (BamHI) in Ad5. After introduction of a foreign gene into these sites, 
either the deleted Xbal fragment is re-introduced, or the insert is recloned into pBS.Eco-Eco/ad5AHIIl.Agp19K using 
Hindlll and for example Muni. Using this procedure, we have generated plasmids expressing HSV-TK, hlL-1a, rat IL-3, 
luciferase or LacZ. The unique Srfl and Notl sites in the pBS.Eco-Eco/ad5AHIII.Dgp19K plasmid (with or without 
inserted gene of interest) are used to transfer the region comprising the gene of interest into the corresponding region 

55 of pBr/Ad.Bam-rlTR, yielding construct pBr/Ad.Bam-rlTRDgp1 9K (with or without inserted gene of interest) . This con- 
strud is used as described supra to produce recombinant adenoviruses. In the viral context, expression of inserted 
genes is driven by the adenovirus E3 promoter. 

[0047] Recombinant viruses that are both E1 and E3 deleted are generated by a double homologous recombina- 
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tion procedure for E1 -replacement vectors using a plasmid-based system consisting of: 



an 
est, 



E4 in trans. 

EXAMPLE 6: ANGIOGENESIS ASSAY 

» MffiC«w dolodiod. oe«dod in a 1 .25:1 spl.l Mo on tan. * s ~ ^ „„„ !> » lred jn M199 
„»a. 100% l*««d ceU or mtod o*.rea * 

™*m sopptononttd w* 10% ""»-> «™[ J«J «* i'l. Uiro^mensi.nsl IMn 

MVEC and of 100% infected MVEC. conditions tested in the presence and 

35 EXAMPLE 7.EFFECT OF ADENOVIRUSES ON ANGIOGENESIS 

miqht be improved. . . matrices onlv after stimulation with the TNF-a 

40 l00 9 54] Uninfected MVEC formed capillary-like *^^^SKSSS MVEC resulted in an enhanced 
n combination with bFGF or VEGF. Co-cultur.ng wrth ,10 k JJJf^SEt i infected ^ resulte d in less tube for- 

rM^ra^^ — ° f - ce,,s - as we have observed 

« SS?^"!^^ ^ f — was ana,ysed visua,,y and quantif,ed by ima9e ana,ysis (see 

«£— was dearly enhanced in the pres ence of 10% ^^^^^^ 
ulated only with TNF-a. The strongest .nduction, 21 fold, cm .be ^seenin , Mg 
bFGF+TNF-a stimulated cultures a 1 .65 fold induction by eNOS me 10% cu , tU res when ana- 

or 100% of infected cells the tube formation although preset £ increased in the 100% 

lysed by image analysis for total tube length. However, the "^'^JSSlc (1 00 Jm). an inhibitor of NOS 
Sur 1 in tSe bFGF+TNF-a stimulated cultures it can be seen , t infected' cells but also under 

activity, resulted in a small reduction of tube ^^^JS^KT^ in the process leading to tube 
=3T :SrrS^ ~ on ^ angiogenesis 

c.q. capillary-like tube information in fi brm matnces. overexDre ssion in the VEGF stimulated cultures is very 



50 
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system (figure 5). 
Example 8 

5 [0055] Improved angiogenesis in mice following administration of Ad.IG.CMV.eNOS. 

[0056] A murine model of operatively induced hindlimb ischemia was used to investigate the impact of gene therapy 
to promote angiogenesis. Hindlimb ischemia was induced in 20 mice according to Murohara T et al (Murohara T. ( et. 
al., 1998, J. Clin. Invest. 101, pp 2567-2578). Sixteen mice were divided into 4 groups of 4 mice which were injected 
with 10 6 , 10 7 , 10 8 , 10 9 pfu Ad.IG.CMV.eNOS, respectively. Four mice received an injection with PBS and served as 

10 negative controls. Upon evaluation of the mice by laser Doppler flow analysis and capillary density measurement 
(Murohara T., et. al., 1998, J. Clin. Invest. 101 , pp 2567-2578) we observed a dose dependent increase in angiogenesis 
compared to PBS injected control mice. 

CITED LITERATURE 

15 
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Jun 1;101(11):2567-78 

[0058] Co-operative effect of TNF-a, bFGF, and VEGF on the formation if tubular structures of human microvascu- 
20 lar endothelial cells in a fibrin matrix. Role of urokinase activity. Koolwijk P, Van Erck MGM, de Vree WJA, Vermeer MA, 
Weich HA, Hanemaaijer R, Van Hinsbergh WM. J.Cell Biol. 132 p1177-1188 (1996). 
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15;100(12):3131-9 
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[0063] Nitric oxide is an upstream signal of vascular endothelial growth factor-induced extracellular signal-regulated 
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last growth factor-induced angiogenesis. Ziche M, Morbidelli L, Choudhuri R, Zhang NT, Donnini S, Granger HJ, Bick- 
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Table 1 



Number of colonies after transfection of PER.C6 with E2A 




expression vectors: 


plasmid 


number of colonies 


cell lines established 


pcDNA3 


-200 


4/4 


PcDNA3wtE2A 


4 


1/4 


PcDNA3tsE2A 


-100 


37/45 
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Table 2 



PER.C6tsE2A C3-9 and parental ^^f^^ 2 
(Ad2 deleted in E2A gene) or IG.Ad.CMV.LacZ at 32 C. 



cell line infected 



PER.C6.tsl25E2A 



CPE with 
IG.Ad.CMV.LacZ 




CPE with d!802 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

* 

(i) APPLICANT: 

(A) NAME: Introgene B.V. 

(B) STREET: Wassenaarseweg 72 

(C) CITY: Leiden 

(D) STATE: Zuid-Holland 

(E) COUNTRY: the Netherlands 

( F) POSTAL CODE (ZIP): 2333 AL 

(ii) TITLE OF INVENTION: Gene therapy to promote angiogenesis . 
(iii) NUMBER OF SEQUENCES: 24 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 98204482.8 

(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: '21 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 1: 

GCCTCATGAA CTTTCTGCTG T 

21 . 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AAAGTCGACT CTAGATCAGC TCATCTCTCC TATCTGC 
37 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CGGGATCCGC CACCATGGCC AGTCGGGAAG AGGAG 
35 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

CGGAATTCTT AAAAATCAAA GGGGTTCTGC CGC 
33 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID 

MTTGTCTTA ATTAACCGCT TAA 
23 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 



16 



EP 1 016 726 A1 



(D) TOPOLOGY: linear 
(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AATTGTCTTA ATTAACCGC 
19 

(2) INFORMATION FOR SEQ. ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS:. 

(A) LENGTH: 19 base pairs. 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

AATTGCGGTT AATTAAGAC 
19 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
GGCGTACGTA GCCCTGTCGA AAG 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

CCAATGCATT CGAAGTACTT CCTTCTC 
27 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

CCAATGCATA CGGCGCAGAC GG 
22 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GAGGTGGATC CCATGGACGA G 
21 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12 
GGGGGATCCG AACTTGTTTA TTGCAGC 
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(2) INFORMATION FOR SEQ ID NO: 13: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid 

(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

GGGAGATCTA GACATGATAA GATAC 

25 . 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Ui) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GGGAGATCTG TACTGAAATG TGTGGGC 
27 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GGAGGCTGCA GTCTCCAACG GCGT 
24 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 47 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CTGTACGTAC CAGTGCACTG GCCTAGGCAT GGAAAAATAC ATAACTG 
47 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
GCGGATCCTT CGAACCATGG TAAGCTTGGT ACCGCTAGCG TTAACCGGGC GACTCAGTCA 
60 



ATCG 
64 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID 

GCGCCACCAT GGGCAGAGCG ATGGTGGC 
28 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: . 

GTTAGATCTA AGCTTGTCGA CATCGATCTA CTAACAGTAG AGATGTAGAA 
50 

(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

TTAAGTCGAC 
10 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

GGGTATTAGG CCAAAGGCGC 
20 

(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

GATCCCATGG AAGCTTGGGT GGCGACCCCA GCG 
33 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

GATCCCATGG GGATCCTTTA CTAAGTTACA AAGCTA 
36 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(iii) HYPOTHETICAL: NO 



( xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

GTCGCTGTAG TTGGACTGG 
19 



Claims 

nucleic acid delivery carrier. 

a functional analogue or a derivative thereof. 
3 A nucleic add delivery vehicle accorcing to claim 1 or claim 2. farther repricing at least one seriuence encodlnfl 

an additional angiogenesis promoting factor. 
4. A nudeic acid delivery vehicle according to daim 3, wherein said additional engiogenese promoang lador is VGEF, 
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bFGF, angiopoietin-1, or functional analogues or derivatives thereof. 

5. A nucleic acid delivery vehicle according to anyone of claims 1-4, wherein the expression of at least one sequence 
is regulated by a signal. 

5 . 

6. A nucleic acid delivery vehicle according to claim 5, wherein said signal is provided by the oxygen tension in a cell. 

7. A nucleic acid delivery vehicle according to claim 5 or claim 6, wherein at least one sequence is expressed from a 
hypoxia inducible factor 1a promoter. 

10 

8. A nucleic acid delivery vehicle according to anyone of claims 1-7, further comprising a sequence encoding a her- 
pes simplex virus thymidine kinase or a functional analogue or a derivative thereof. 

9. A nucleic acid delivery vehicle according to anyone of claims 1-8, wherein said nucleic acid delivery carrier com- 
15 prises an adenovirus vector or an adeno-associated virus vector. 

10. A nucleic acid delivery vehicle according to anyone of claims 1-9, wherein said nucleic acid delivery vehicle has 
been provided with a least a partial tissue tropism for muscle cells. 

20 11. A nucleic acid delivery vehicle according to anyone of claims 1-10, wherein said nucleic acid delivery vehicle has 
been at least in part deprived of a tissue tropism for liver cells. 

12. A nucleic acid delivery vehicle according to claim 10 or claim 1 1, wherein said tissue tropism is provided at least in 
part through a tissue tropism determining part of fiber protein of a subgroup B adenovirus. 

25 

13. A nucleic acid delivery vehicle according to claim 12, wherein said subgroup B adenovirus is adenovirus 16. 

1 4. A method for enhancing and/or inducing angiogenesis comprising providing cells of an individual with a nucleic acid 
delivery vehicle according to anyone of claims 1-13. 

30 

15. A method according to claim 14 for enhancing and/or inducing angiogenesis in a synergistic fashion with at least 
one additional angiogenesis promoting factor or parts or derivatives or functional analogues thereof. 

16. A method according to claim 14 or claim 15, wherein the said enhancing and/or inducing angiogenesis effect is at 
35 least in part reversible! 

17. A method according to claim 16, wherein said effect is at least in part reversed though an increase in the oxygen 
tension or through providing said cells with gancyclovir or functional analogue thereof, or both. 

40 1 8. A method according to anyone of claims 1 4-1 7, wherein said cells comprise at least cells that under normal circum- 
stances are not in direct contact with blood. 

19. A method according to claim 18, wherein said cells are muscle cells. 

45 20. A method according to claim 18 or claim 19 wherein said cells are smooth muscle cells. 

21. The use of a nucleic acid delivery vehicle according to anyone of claims 1-13 or a method according to anyone of 
claims 14-20 for the treatment of endothelial dysfunction. 

so 22. A cell for the production of a nucleic acid delivery vehicle according to anyone of claims 9-13 comprising means for 
the production of said virus vector in the absence of replication competent adenovirus and adeno-associated virus. 

23. A cell according to claim 22, wherein said cell expresses at least one means for the production of said virus vector 
from a nucleic acid integrated in the chromosomal DNA of said cell and expresses other means for the production 
55 of said virus vector from nucleic acid not integrated in the chromosomal DNA of said cell and wherein said inte- 
grated nucleic acid and said non-integrated nucleic acid do not comprise sequence overlap leading to the formation 
of replication competent adenovirus. 
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K * c. .ceo*, ,o d * « M ^ — a*, a, M . « ■ 

functional analogue or a derivative thereof. 

or derivatives thereof. 

, . • c 99 9* wherein said integrated nucleic acid comprises at least an adenovirus 
96 A cell according to anyone of claims 22-25, wherein saio iniegra 

E4^ E4-orf6. or a functional analogue or a der,vat,ve thereof. 

> i mc 99 26 wherein said cell is derived from a PER.C6 cell (ECACC depos.t 
27. A cell according to anyone of claims 22-26. wherein saio ce» 

number 96022940). 
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Enhancing and/or inducing angiogenesis with the aid of 
nucleic acid delivery vehicle comprising a sequence coding 
for nitric oxid synthetase 



2. Claims: 22-27 

Adenovirus helper cell, said cell being derived from a 
PER.C6 cell 
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